Introduction 23 24
It has been widely accepted that the infiltration capacity of soils is higher under dry conditions due to the 25 high matric suction and the action of capillarity forces (Cerdà, 1998; Beven, 2001) . This has been 26 demonstrated by means of experiments and measurements in contrasted seasonal climates such as the 27
Mediterranean (Cerdà 1996 (Cerdà , 1997a (Cerdà , 1999 One of the main effects of SWR is enhancing overland flow and soil erosion due to the low infiltration 45 capacity of repellent soils . However, there are several problems that make difficult to 46 establish links between SWR and soil erosion (Ritsema and Dekker, 1994 ; Shakesby et al., 2000; Granged 47 et al., 2011). One of these problem is that the effect of SWR on soil erosion is hard to isolate from other 48 factors that also change seasonally, such as soil crust formation and litter production; another problem is 49 that the influence of SWR is determined by the scale, changing from plot to catchment measurements due 50 to spaces discontinuities where generated runoff can reinfiltrate; lastly, third problem is that SWR has a 51 seasonal oddity, being more frequent after the drought season, but it can also appear during dry spells in 52 the middle of the wet season (Crockford et al., 1991; Bodí et al., 2013) . Moreover, in Mediterranean areas, 53
there is a high variability of vegetation cover and soil surface components in short spaces (Cerdà, 1997b, 54 2001; Puigdefábregas, 2005) . One of the main factors affecting vegetation is the aspect (Kutiel, 1992) , that 55 influences not only the total cover but also the distribution, structure, density and composition of 56 vegetation communities (Kutiel and Lavee, 1999 The south-facing hillslope was previously cultivated with cereals, but abandoned in the mid-1950s. It is 96 very steep (22.4°), with a convexrectilinear topographic profile and an aspect of N180°. It has been 97 reforest and is now covered by a patchy vegetation mosaic of bare soil and Mediterranean plant species 98 (60% vegetation cover, which is similar to that of natural hillslopes in the surrounding area; mean patch 99 size <2 m 2 ). Cistus spp. are the most common species growing on the hillslope. In winter, the bare soil 100 area is covered by annual plants, the dead structures of which accumulate on the soil surface during 101 summer. The soils are affected by water erosion and, as a result, they are characterized by a rock fragment 102 cover of 20-70%. The soils depth is shallow (2030 cm), they have a high gravel content (54.0% in 103 association with shrubs and 67% in bare soil areas) and mean pH of 6.9. The texture is sandy loam in both 104 bare soil and under-shrub areas. The organic matter content ranges from 1.5% in bare soil areas to 3.5% 105 under shrubs. 106 107 2.2 Precipitation 108 109
Precipitation was recorded using a rain gauge was of 0.3 mm of precision. Precipitation was recorded 110 every 10 minutes and the rainfall intensity was also calculated in a 10 minute basis, expressed in mm/h. The adjustment of data to normal distribution was tested using the Kolmogorov-Smirnov test, whereas the 147 Barlett test was performed to determine if the data accomplished the homoscedasticity criteria. If these 148 criteria were not satisfied, the logarithmical transformation was attempted. ANOVA test was used if the 149 data were suitable to support parametric statistic and the U Mann-Whitney test was used if they did not.
150
The effects of factors "aspect", "cover" (vegetation cover) and "season" were tested on SWR, runoff and 151 soil loss data using the above-mentioned analyses. Moreover the relation between precipitation parameters 152 and runoff and soil loss was performed by mean of regression models. The significance level was set at 153 0.05, and all analyses were performed using R software (R Core Team, 2013 In order to facilitate analysis, the rainy period was split into three categories called dry, transition and wet 166
seasons. This was done based on the precipitation characteristics more related with the main objective of 167 this study (Table 1 Whitney and Kruskal-Wallis tests were performed to compare means taking into account independently 181 aspect, season and cover. Factors aspect and season had significant effect on SWR (p<0.001), whereas 182 cover did not (p>0.05).
183
If data are separated by aspect and season, as previous analysis suggests to do, significant differences in 184 SWR between covers in the transition season appeared in both hillsopes (p<0.001); these differences were 185 masked in the general analysis by the data of the wet season, when mean values of SWR remained 186 homogeneous in both hillslopes (p>0.05). There was also significant difference in the north-facing 187 hillslope during the transition season (p<0.01). These facts are clearly showed in figure 3 and were 188 corroborated by a kruskal-Wallis analysis of SWR with the variable "microenvironment" (conjunction of 189 aspect and cover) on every season (Table 2 ). In the transition season there were significant differences 190 between microenvironments (p<0.001) and the pairwise U Mann-Whitney test showed differences within 191 every hillslope. In the wet season, the soil remained wettable in all the cases but there were quantitative 192 differences between microenvironments (p<0.05). In this period, there were no differences within every 193 hillslope. In the dry season there were significant differences only between the microenvironments of the 194 north-facing hillslope. ANOVA analyses showed that the only factor affecting runoff rate was the vegetation cover (p = 0.009), 223 whereas aspect and season did not have any significant effect independently. Effectively, runoff rate was 224 clearly different in shrub covered (0.47±0.67 mm) and inter-shrub soils (1.54±2.14 mm). This confirmed 225 the expected trend of more amount of runoff generated in bare soils than in shrub-covered ones. 226
Interestingly, the interaction of aspect and season affected significantly the runoff rate (p = 0.03), what 227 means that the changes in runoff rate between seasons were different depending on the hillslope 228 considered. In both microenvironments of the north-facing hillslope runoff rate was lower during the wet 229 season ( Figure 4A ), whereas in the south-facing hillslope this was not observed, being the runoff rate 230 lower in the transition season (slightly in the inter-shrub plots). Due to the large dispersion of data, only in 231 bare soils of the north-facing hillslope the difference in runoff rate between seasons was significant.
232
Regarding the runoff coefficient ( Figure 4B ), both cover (p<0.01) and season (p<0.001) had significant 233 effect on this property, being R c higher during the transition season and in those patches without shrubs.
234
Aspect as a single factor did not have any effect. If the analysis was performed to check the differences 235 between seasons on every microenvironment, it resulted that there were significant differences on both 236 microenvironments of the north-facing hillslope, whereas in the south-facing one they were not found. In 237 spite of having no effect as an individual factor, aspect is an important variable to take into account for the 238 runoff analysis, since R c is homogeneous during the year in the south-facing hillslope but heterogeneous 239 in the north-facing one. As a consequence, R c was higher in the north-facing hillslope during the transition 240 season and in the south-facing hillslope during the wet season ( Figure 4B ). 241
Once we analysed the differences in runoff rate and coefficient between aspects, vegetation cover and 242 season, we tried to elucidate the precipitation property that best correlated with the overland flow in our 243 study site.
244
Among the rainfall parameter analysed, the best correlation with the runoff rate was found for I max . 245
Interestingly, in the north-facing hillslope runoff generation was different during the transition and the wet 246 seasons ( Figure 5 A and B) . In inter-shrub soils, the relation between I max and runoff rate was significant 247 (p<0.01) for the whole set of events but it improved when data were split between seasons, turning the R 2 248 coefficient from 0.49 for the complete dataset, to 0.93 and 0.61 for the transition and wet season 249 respectively. Moreover, the I max threshold for runoff generation increased from 4.9 mm in the transition 250 season to 6.4 mm in the wet season, whereas the slope of the relation I max -R r decreased 2.7 times, from 251 0.254 to 0.093 ( Figure 5A and Table 4 ). The relation between P and R r was weaker and it only was 252 significant in the transition season. Beneath Cistus spp. the relation between runoff rate and I max was not 253 significant when we took into account the whole study period (p>0.05, R 2 =0.08). However, when we split 254 the data between seasons, this relation became significant only in the transition season (p<0.05, R 2 =0.77), 255 whereas in the wet season it remained not significant (p>0.05, R 2 =0.17). In this case, the relation between 256 P and runoff rate was significant in the wet season (p<0.05, R 2 =0.4), indicating a change in the runoff 257 generation mechanisms.
258
In the south-facing hillslope ( Figure 5 C-D, and Table 4 ), there was a good and significant relation 259 between runoff rate and I max (p < 0.001) in inter-shrub patches, as well beneath shrubs. This relation was 260 consistent along the entire study period and the points corresponding to the transition season are 261 straightened to the points of the wet season. In bare soil the R 2 was 0.86 and beneath shrubs was 0.70. As 262 it occurred in the bare soil environment of the north-facing hillslope, the relation of runoff rate with P was 263 weaker than the relation with I max , so the later was the main controlling rainfall factor affecting the runoff 264 generation. In both microenvironments of the south-facing hillslope, the I max threshold for runoff 265 generation and the slope of the relation I max -R r only registered slight variations. It is important to highlight 266 that the relation I max -R r in inter-shrub soils of the south-facing hillslope was not significant during the 267 transition season, in spite of the high R 2 of 0.91. This was due to some missing data caused by the effect of 268 grazing on the erosion plots. Nevertheless, since the relation was apparently good, we took into account 269 the parameters of the regression models, although with all due caution.
270
No significant relation was found between runoff coefficient and precipitation parameters, but when it was 271 plotted against P and I max , two clearly different groups of points according to the season could be observed 272 in the north-facing hillslope, whereas in the south-facing hillslope this different response did not exist 273 (Figures 6 and 7) . important factor affecting sediment concentration and soil loss, although the effect was masked by the 282 high dispersion of data. If the analysis was performed to check the differences between seasons on every 283 microenvironment, S c in both microenvironments of the north-facing hillslope was higher in the transition 284 season (p<0.001 and p<0.01 in NIS and NSC respectively), whereas there were no differences in the 285 microenvironments of the south-facing hillslope (p>0.05). Regarding S l , results were similar and it was 286 significantly higher in NIS and NSC (p<0.01 and p<0001 respectively). Contrastingly, in this case the 287 difference between seasons was slightly significant (p=0.049) in SSC. In SIS there was again no 288 difference (p>0.05) between seasons. Thus, in spite of the lacking of statically significant differences, it is 289 noteworthy the contrasting behavior of the sediment concentration and soil loss in the two hillslope 290 depending on the season considered (Figure 8 A-B In the north-facing hillslope, overland flow was higher in the bare patches than beneath shrubs, and two 359 clearly contrasting soil responses were observed along the hydrological year. At a plot scale, all the 360 hydrological variables (R r , R p , S c and S l ) were significantly higher in the transition season. The change of 361 conditions was observed not only in the mean values of rate and runoff coefficient, but in the correlation 362 of these properties with precipitation. On one hand, the slope of the relation between runoff rate and I max 363 was clearly different between seasons in both microenvironments. On the other hand, the events with 364 higher R c occurred in the transition season, being independent of precipitation. This seasonal behavior of 365 overland flow in Mediterranean conditions could be related to soil crust formation (Nunes et al., 2010) , 366 but soil surface layer in the north-facing hillslope had more than 5% of organic matter, so surface crusting 367
was not the reason of the enhanced overland flow (Hillel 1998 , Beven, 2001 ). This suggests SWR as the 368 more probable cause (Doerr et al., 2003) . The strong influence of SWR on runoff generation during the 369 transition season was studied in the same hillslope by Gabarron-Galeote et al. (2012) by mean of rainfall 370 simulations. They obtained runoff in the 100% and 60% of the experiments developed in bare soil and 371 beneath shrubs respectively. When runoff is a consequence of SWR, it is generated by Hortonian 372 mechanisms, since the wettability of the soil surface decreases dramatically (DeBano, 1971) . Indeed, the 373 significant relation between I max of the event and the runoff rate suggests that runoff is mainly generated 374 by Hortonian mechanisms in the north-facing hillslope during the transition season. The fact that the R c 375 was higher in NIS (12.22%) than in NSC environments (5.26%), whereas SWR was moderate and severe 376 respectively, was probably caused by the presence of more macropores due to root development of shrubs 377 in NSC patches. These macropores caused discontinuities in the repellent layer and allowed the runoff 378 generated to reinfiltrate within the plot and reach the hydrophilic layer beneath the repellent one. This kind 379 of discontinuities, due to macropores as well as to a patchy pattern of SWR, is the cause of the low 380 response to runoff generated in repellent conditions at the catchment level (Doerr et al., 2003) . In the 381 study mentioned above, Gabarron-Galeote et al. (2012) found that macropores were the main infiltration 382 way during rainfall simulations when soil surface is repellent. The I max threshold for runoff generation was 383 higher in the bare patches, a result consistent with the lower SWR. fact, in the NSC patches the relation of runoff with I max disappeared, whereas the relation with P became 389 significant. In a study of Doerr et al. (2003) , developed in an area with similar topographical and 390 geological characteristics, but significantly more rainy, the hydrological response at plot scale during the 391 wet season was similar to the reported here in the north-facing hillslope. They detected only 1 out of 60 392 events with more than 3% of runoff during the wet season, whereas our maximum value was 2.26%. 393 Doerr et al. (2003) also pointed out that only in very wet conditions could be developed saturation 394 overland flow, due to the saturation of the relatively shallow soil. This statement is also applicable to the 395 north-facing hillslope of our experimental area.
396
In the south-facing hillslope there were no significant differences in rate and coefficient of runoff between 397 seasons, neither in the relation between I max and runoff rate. However, there were some remarkable 398 differences between microenvironments that are important to highlight. In the transition season the runoff 399 was 3.06 % and 1.27 % in inter-shrub and vegetated patches, respectively. These values are both lower 400 than the corresponding ones in the north-facing hillslope. In the bare patches this fact seems reasonable 401 since soils are wettable even in the transition season. So although in absence of SWR soil conditions of 402 this layer are less favorable to promote infiltration as they are in the north-facing hillslope (soils less 403 developed, with low organic matter content and hydraulic conductivity (Martinez-Murillo et al., 2007)), a 404 lower overland flow was detected. In addition, annual vegetation created paths that favor infiltration of the 405 generated runoff. Regarding the shrub covered areas, they showed moderated SWR during the transition 406 season but, surprisingly, the lower overland flow was measured here. Holmgren et al., 1997) that continuously improves the soil properties of so-called fertility islands 413 (Schlesinger et al., 1990 ). Due to the good soil conditions and the biological activity, Hortonian overland 414 flow generated due to repellent conditions was rapidly reinfiltrated through animal burrows (Garkaklis et  415 al., 1998), root channels and macropores (Sevink et al., 1989; Doerr et al., 2003) and there was no 416 connectivity between the small patches source of runoff even at a plot scale. 417
During the wet season no SWR was detected and runoff was of 2.59 % in bare patches and 0.96 % in 418 vegetated areas. These values are consistent with fertility island theory formerly explained and are a direct 419 consequence of the infiltration capacity and the quality of soils and the control of the soil erosion (Cerdà, 420 1998) .
421
It is difficult to elucidate the runoff generation mechanism in south-facing hillslopes of the study area. In 422 similar conditions, Martinez-Murillo and Ruiz-Sinoga (2007) found differences in runoff rate generated as 423 well as in the mechanisms between seasons in south-facing exposures. The differences in runoff generated 424
were justified because they found water repellency in the transition season in both microenvironments.
425
They pointed out that during the wet season runoff was produced by saturation mechanisms. In our case, 426 the consistent relation between I max and runoff rate could suggest Hortonian runoff generation, but in 427 absence of soil water repellency overland flow by saturation of the shallow soil cannot be discarded 428 .
429
To sum up, during the transition season SWR was the main factor controlling overland flow generation, 430 especially in the north-facing hillslope, whereas in the wet season runoff generation depended mainly on 431 the soil properties that favor infiltration (e.g. organic matter, aggregate stability), determined by the and NSC, the higher S c , together with the also higher runoff coefficient and rate in the transition season, 450 make reasonable that sediment losses were also larger. In a study conducted in burnt soils, Sheridan et al.
451
(2007) also detected, under repellent conditions, a higher S l . This fact was explained by an increase of the 452 S c , that in turn was due to the higher soil erodibility and the loss of vegetation cover. In our case, 453 vegetation cover remained rather constant so the changes in S c in repellent conditions were due to the 454 increase of soil erodibility. In the case of the SSC microenvironment, contrastingly to the occurred in the 455 north-facing hillslope, the higher S l was only explained be the increase in S c , since no difference in R r and 456 R c was detected. In this microenvironent, in addition to the increase of soil erodibility promoted by SWR, 457 the high S c was due to the higher sediment availability. The causes for the high availability of sediments in 458 shrub covered plots are that, firstly, the inter-shrub areas are more frequently washed by runoff and, 459 secondly, the washed sediments are deposited beneath shrubs and they are only transported when the 460 precipitation event is strong or intense enough (Martínez-Murillo and Ruiz-Sinoga, 2007 The conclusions of this study were as follows: 484 1. Rainfall intensity was the main property determining overland flow and sediment transport. In 485 general, the events that generated more runoff and erosion were those with a higher I max , 486 independently on the rainfall depth. Only in the shrub-covered patches during the wet season this 487 relation was weaker due to the effect of the litter cover and to the absence of SWR. 488 2. Soil water repellency was an important ecological factor in the study area, especially in the north-489 facing hillslope, where it determined a dramatic change in the hydrological response between 490 repellent and wettable conditions. A decrease of overland flow and erosion was detected, and even 491 a change in the runoff generation mechanism. 492 3. Vegetation pattern was an important factor especially in the south-facing hillslope, where it was 493 determined overland flow generation. It was higher in the inter-shrubs patches throughout the 494 year, independently on the season considered, and feedback process of enrichment in the shrub- 
